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So, »Sn »'StefcnTred.cllon ln«tos iniscling a canceling ««is«= wave to deffluctvel, imrtere with 
cancel or reduce the input acoustic wave. .» „„i„i„i 

rO0O41 The present invention provides an active acoustic system as set out in claim i . „:u„«„n ron 

K Am<xlelreferenceisprovideshavingaselectablyprogrammableresponse.Forexanpleinavibra^^^^ 

tTs^tem prSS tree and/or motion isolation, a cert^n damping response charactenstic may bej^^jj^^^^^^^^ 
c^^SS under-damped, quick response, slow stable response with no overshoot, etc. A model reference s 
S^iTrtograled to have such response. An actK^e model is then provided, including in combination an accuse 
n!raS an Sve filter such that the combination of the acoustic path and the adaptive filter adaptively models tt,e 
S^e ^ef en r^^^^^^^^^^ the com«n«l response of the acoustic path and the a<f J-^^^^^^^^ 
resDonse matching the response of the model reference. The acoustic path may be a sound durt, a ^'brat'onjaWe, a 
rTe 4 sS^L enginelo^ interior of a vehicle, or other complex structures or environments for sound o vibraton 
prclSagSn v^Se tt is desired to provide a selectably programmat^e response of an acoustic wave propagating along 

rresponse to ttie input acoustic wave is provided, matching the response of the selectably P'^f^^!^'^^^ 
Sl^^ce^nd aSnaSy the input acoustic wave is attenuated or canceled. The noted adaptively controlled response 
characteristic facilitates the attenuation because of the noted matching to a known model reference. 
10007] The invention also provides an active acoustic control method as set out in claim 36. 

pRIFF nESCPIPTinN OF THF DRAWINGS 
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[0008] 

FIG. 1 is a schematic illustration of an active acoustic system in accordance with an embodiment of the invention. 

FIG. 2 is like FIG. 1 and shows a further embodiment. 
40 FIG. 3 is like FIG. 1 and shows a further embodiment. 

FIG. 4 is like FIG. 1 and shovifs a further embodiment. 

FIG. 5 is like FIG. 1 and shows a further embodiment. 

FIG. 6 is like FIGS. 2 and 4 and shows a further embodiment. 

FIG. 7 is like FIGS. 2 and 5 and shows a further embodiment. 
45 FIG. 8 is like FIGS. 3 and 4 and shows a further embodiment. 

FIG. 9 is like FIGS. 3 and 5 and shows a further embodiment. 

FIG. 10 is like FIG. 1 and shows a further errtiodiment. 

FIG. 1 1 further illustrates the system of FIG. 1 . 

FIG. 12 further illustrates the system of FIG. 1 in another embodiment. 
50 FIG. 1 3 is like FIG. 1 2 and shows a further embodiment. 

FIG. 14 is like FIG. 13 and shows a further embodiment. 

FIG. 15 is like FIG. 10 and shows a further embodiment. 



nETAILED DESCRIPTION 
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[00091 FIG.1showsanactiveacousticsystem20includingamodelreferenceRat22hav,ngaselec^^^ 
mable response for example Ari.ntive Control. Astrom and Wittenmark. Lund Institute of Technology. Addison^esley 
SshTn^Spa^^^^ Riding, Massachusetts. 1989, Chapter 4. pages 105-162. The model reference .s selected or 
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to Have ..^r. ^^^^-JlJ^Zt^S^^^^ 
response. System 20 further includes an -fj'e ^^^f^J ' 'adaptive fitter 28 adaptively models model ref- 
anadaptive fitter 28 such that thecomb.natonda«>^^^^^^ ^ 28 pravides an active model 

erencr22 such that the combined response of "R. 
r^onse matching the response of model ^2. Ma^^^^^^ 3,,,,e) f itter 

;S as in the above noted '-^/^Xit a^^SS a&m filti at 32. in another embodiment, 
including LMS (least mean square) algorrthni fitter A, at d« 

titter 28 is provided by a f intte impulse ^^P^^^/ . 'j^^^^ ^^r, or other acoustic actuator, is provided for 
[00101 AfirsttransducerTiat34.e.g.aloudspeaker^hJ^^ 

Lucinganacousticwavetoaoousticpa^^^^^^^^^ 

42 Of active model 24 to summer 38. 22 at input 54 and to active model 
toom Anauxiliarynoisesource52.*cducesauxto^^^^ 

24 at input 56. The auxiliary noise is random and uncorr^atea to t e ^ ^^,^1^ sequence. 

pathisrubiect.lnpreferredform,andasinU.aPattenK^^^^^ 1984, pages 252-261. 

20 S^^^r^ii^^^^a;^^ points, where Mis the number of stages in a 

S provides the resultant sum at 64 ^ J-^-^^^ toSj^^^^ U.S. Patent 4.677.676. Summer 70 

auxiliary noise from auxiliary noise source 52. and supplies the resuttant sum at 76 as 

suSe output 72 of adaptive fitter 66 and the output at ^^"f "'^^'^ J,^^^^ 52 at fitter input 68 with 

an mor inp^to adaptive fitter 66. Multiplier 78 ^J^P '^^ the ou^ut ^J^^^^^^^ ^ , ^ C fitter 66. The fitter 
ZoZJie of summer 70 and supplies the ^^ff^^'^^l^^^cmX'^^^^ an LMS algorithm fitter. 
rnpT5toCfitter66isprov1dedfromthe^^^^^^^^ 

[doi31 The A, and adaptive a'9f hm ftos 30 and^z^c respectively, and supplies the 

L oJtput 44 of summer 38. Summer 86 sums the JJ'P"*^^^;^^^^^ ^^.i^ary noise. A copy C of filter 66 is pro>«ded 
resultant sum at 92 as an input at 48 to summer 60 for s"'""' "9 ™ u.S. Patent 4.677.676. C copy 94 of 

n^itter 28 at 94. and another copy CJof «»«^f '^^^^^"J'^^^^^^^^^^^ 100 from the output 92 of summer 

35 Cfilter66hasaninput98fromtransducer36^C^^^^^ 

86. Multiplier 102 muttiplies the "'^"i^"; /l^.J^gJ'lTi Z multiplies the output 1 10 of C copy 96 v.th the 
uct at 1 06 as a weight update signal to the A, fitter 30^ mu mp'ie p ^ ^.^^^ ^ 

output of summer 38 and supplies the V^fef'rS^^^^ 'o-" "^'G- ' ° 

[0^4] FIG. 2 shows afurther embodiment ar^us^ ;f^^'^^^Ji,j^^i^^i22 from the output of acoustc path 
.a acilitie understanding. In FIG. 2. another adapt-efitte J^^^O^safto np ^^^^^^.^^ ^^^p,.^^ 

fr^jrtrt^::'^^^^^^ 

;S"°TheproductofactivemodelMat24andadaptivefitterN,at120mode.sandconverges.^ 

45 R. i.e. 

M-N, = R Eguacion 1 

so Thus, adapt^efitter N, mod^s the quotient of model reference R and act^^e model M. i.e. 

V - ^ Equation 2 

^ M 
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facilitate understanding. In FIG. 3. an adaptive filter at 140 has a filter input 142 receMng '"Pjf^f^^' f!f 

144 to the input of the acoustic path P through summer 146. and an error Input 148 from the oulpirt of summer 38 The 

Sm*,ei^^1^^^^^^^ 
s summer38andsuppliestheresuHantp«xluclat158asawe.ghtupdate8.gnaltoadapt«,ef.lterl4a 

[0017] In FIG. 3, the product of adaptive filter Na and active model M models and converges to model reference R. 

i.e. 

h\'M = R Equation 2 

10 

Thus, adaptive filter fJa models the quotient of the model reference R and active model M. i.e. 

wr = Z Equation 4 

75 ^ M 

The indusiondadaptivefilterNa to model the quotiem of model referenceRandtheactivemodelMimprovesmate^^ 

. S' ''T:'^:^':^S::r emhodlment. and uses like reference numerals from FIG. 1 where apprc^a^ to 
Sxe undistanding. In FIG. 4. an adaptive f iHer N3 at 1 70 has a f ater input 1 72 from the otrtput o ^'^^^^f^^ 
22 a1 rterSjut 1 74 to summer 38, and an error input 1 76 from the output of summer 38^Multipl.er 1 78 nr»^ft^'es^me 
rpuVl72toSer170 with the output of summer 38 and provides the resuttamprod^ 



.5 SSlf ''^S.Tthe product of model reference R and adaptive filter N3 models and 

arShkewise active model M models and converges to the product of model reference R and adapt.ve filter N3, ..e. 

R'N-^ - M Eauaticn 5 

Thus, adaptive filter N3 models the quotient of active model M and model reference R. i.e. 

M ' — Equation 6 

^ R 
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The inclusion of adaptive filter N3 to model the quotient of active model M and model reference R improves matching 

IS' '^fshtSr^er embodiment, and uses like reference numerals from FIG. 1 where appropriate to 
facilitate understanding. In FIG. 5. an adaptive filter N4 at 190 has a filler input 192 receiving input "cse^ a , Iter oj^u^ 
194 to the input of model reference 22. and an error input 196 from the output of summer 38. A copy R of the model 
r^erence R is provded at 198 and has an input 200 from the input 1 92 to adaptive filter 190. Mu Jplier 202 muftnpljs 
the output 204 of R- copy 198 with the output of summer 38 and supplies theresultant product at206« 

SS']*° °1?FIG sThl^roduct of adaptive filter N4 and model reference R models and converges to active model M, 
and likewise active model M models and converges to the product of adaptive model N4 and model reference R. i.e. 

N^-R = M Equation 7 

Thus, adaptive filter N4 models the quotient of active model M and model reference R. i.e. 

« ✓ 

X. - a EcTuStion t 

R 

The inclusion of adaptive filter N4 to model the quotient of active model M and model reference R improves matching 
thereof, particularly the filter gains. 
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[0022] FIG 6 shows a further embodiment, and uses like reference numerals from FIGS. 2 and 4 where appropri- 
ate to facilitate understanding. In FIG. 6. the system of FIG. 2 is provided with another adaptive N filter in accordance 
with FIG. 4, to provide a combination of Ni and N3 such that 

5 R'N^ = M*N^ Equation 9 

Thus, the model reference R is further factored by N3. and Ni models the quotient of such further factored model refer- 
ence and the active model M, i.e. 

10 

fj = 3^ Equation 10 

^ M 

Ukewise. active model M is further factored by Ni . and N3 models the quotient of such further factored active model and 
the model reference R, i.e. 



20 



= Equation -11 



25 [0023] FIG 7 shows a further embodiment, and uses like reference numerals from FIGS. 2 and 5 where appropri- 
ate to facilitate understanding. In FIG. 7. the system of FIG. 2 is provided with another adaptive N filter In accordance 
with FIG. 5, to provide a combination of and N4 such that 



30 



N^'R = i^'-V. Equation 12 

Thus, the model reference R is further factored by N4. and models the quotient of such further factored model refer- 
ence and the active model M. i.e. 

M = ^ Equation 13 

^ M 



40 Likewise, active mode! M is further factored by Ni . and N4 models the quotient of such further factored active model and 
the model reference R, i.e. 

= - Equation 14 



[0024] FIG. 8 shows a further embodiment, and uses like reference numerals from FIGS. 3 and 4 where appropri- 
ate to facilitate understanding. In FIG. 8. the system of FIG. 3 is provided with another adaptive N filter in accordance 
50 with FIG- 4. to provide a combination of and N3 such that 

R'N^ ^ N^'M Equation 15 

55 Thus, the model reference R is further factored by N3. and Ng models the quotient of such further factored model refer- 
ence and the active model M, i.e. 
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= £3. Equation 16 



isfurther factored by N2, and Namtxlelsthe quotient of such further fectoredacth/enxxlel and 



Likewise, active model M 
the model reference R, i.e. 

= ^ Equation 17 

^ R 



with FIG. 5, to provide the combination of N2 and N4 such that 

w.-ie = N^'M Equation 18 

Thus, the model reference R is further factored by N„ and N, models the quotient of such further factored model refer- 
25 ence and the active model M, i.e. 

KT s Equation 19 

^ M 
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Ukewise, active modelMisfurther factored by N, and N, models thequotient Of suchfurtherfacto^ 
the model reference R. i.e. 

A. ■ — ~ Squ&ticn ^0 



40 



45 



SO 
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[0026] in FIGS. 2-9, each of adaptive filters N„ N^, N3, N4 is preferably an FIR f aP«-« 'f^^l^P^^^^^^^^ 
Ste undeLrKJing FIG. 10 shows an active acoustic attenuation system 220 incorporating the system of FIG 1 

iSe52^1iToX^^^^ 

TsLmmer^e^Tupplies the resu«ant sum to transducer 34. "^^^^-^t^)^^ 

and filter outputs 224 and 48 may be split into two stages as shown at summers 226 and 228. or •^^^fTplTout 

r^nXsrmation step J.e. the summation may be provided by a pair Of ^^^^^^ 

ST' Adaotive filter 222 is preferably an llRfilter. as shown at 40 In U.S. Patent 4.677,676. preferably an RLMS 
Smf«SSs algorithmfi^er ^ at 232, and an LMS rr'^J'^lt^^iZ'^zZTz.^^ 
frout 236 from the output of summer 38. Summer 238 sums the outputs of A2 and B3 algorrthrn ^'^^^'^^l^J^'T 
LTriifr the T^Sant sum at filter output 224 to the input of summer combination 226. 228. A copy C of C fitter 66 is 
pSS iVra^hS an IriS from the input 242 .0 the A, fitter 232. Multiplier 244 multiplies the output of C copy 
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240 and the output of summer 38 and supplies the resultant product at 246 as a weight update signal to algorithm filter 
232 Another copy C of C filter 66 is provided at 248 and has an input from the input to filter 234 from the output of 
summer 238. Multiplier 250 multiplies the output of C copy 248 with the output of summer 38 and supplies the resultant 
product at 252 as a weight update signal to algorithm filter 234. 

[0029] Summer 254 sums the output of C copy 248 and the output of summer 38. and supplies the resultant sum 
as the input at 242 to adaptive algorithm filter 232. This is known as the equation error form, as noted in allowed U.S. 
application Serial No. 07/835.721 . This form is useable for a correlated input acoustic wave, eliminating the need for an 
input transducer such as 10 in incorporated U.S. Patent 4.677.676. Correlated means periodic, band-limited. or other- 
wise having some predictability. In an alternate embodiment, the input signal at 242 is provided by an input transducer, 
such as an input microphone or accelerometer. or by some signal which is itself correlated to the Input acoustic wave. 

e.g. from a tachometer. . t^tr> *n i 

[0030] In further alternatives, the embodiments in FIGS. 2-9 are used in combinaton in the system of FIG. 10. In 
using the systems of FIGS. 3, 8 or 9 in FIG. 10. it is preferred that be provided in series between summers 226 and 
228 

[0031] FIG. 1 1 shows a further embodiment, and uses like reference numerals from FIG. 1 where appropriate to 
facilitate understanding. FIG. 11 shows the system of FIG. 1 in a sound application where the acoustic path P is pro- 
vided by duct 260 having transducer Ti provided by loudspeaker 262. and transducer Tg provided by microphone 264. 
[0032] FIG 12 shows a further embodiment, and uses like reference numerals from FIG, 1 where appropriate to 
facilitate understanding. FIG. 12 shows the system of FIG. 1 in a vibration application where the acoustic path P is pro- 
vided by table 270 having transducer T^ provided by shaker or force motor 272. and transducer T2 provided by accel- 
erometer 274. ^.^ « ^ • * * 
[0033] FIG 13 shows a further embodiment, and uses like reference numerals from FIG. 12 where appropriate to 
facilitate understanding. FIG. 13 shows the system of FIG. 12 in a force isolation application, for example active engine 
mounts in an automobile, truck or other vehicle, where the acoustic path P is the vehicle frame 280. A mass 282, such 
as the vehicle engine is mounted to the frame by engine mounts having a resilient spring fader 284, and a damping 
factor 286 Frame 280 is subject to external disturbances such as provided by the mass or engine 282, which for exam- 
pie may be the reciprocating piston movement within the engine. Force motor 272 applies controlled force between 
mass 282 and frame 280 to provide force isolation, isolating frame 280 from the force or disturbances of mass 282. One 
particularly desirable implementation of the system in FIG. 13 isolates a vehicle frame 280, and hence the vehicle pas- 
sengers from engine vibration, particularly at idle or low engine rpm. This eliminates the need for crankshaft counter- 
weights to provide smooth vibration-free engine operation at idle. In a further embodiment of the system of FIG. 13. 
mass 282 is an inertial mass, and frame 280 is subject to disturbances. This latter implementation is also useful tn 
engine mount applications. 

[0034] FIG. 14 shows a further embodiment, and uses like reference numerals from FIG. 13 where appropriate to 
facilitate understanding. FIG. 14 shows the system of FIG. 13 in a vibration application for motion isolation, isolating a 
mass 290 such as a vehicle cab. from the motion of the vehicle frame 292 which is subject to external disturbances 
such as road bumps, etc. The acoustic path P is the mass 290. for example the vehicle cab which is mounted to the 
vehicle frame 292 by a suspension system Including spring 294 and damping shock absorbers 296. 
[0035] FIG. 15 shows a further embodiment, and uses like reference numerals from FIG. 10 where appropriate to 
facilitate understanding. In the embodiment of FIG. 15. the auxiliary random noise signal from source 52 is filtered by a 
shaping bandpass filter 298 to provide a random noise signal with a desired power spectrum, to provide a tighter fit of 
active model M and model reference R as a function of frequency. In a further embodiment as also shown in FIG. 15, 
model input 242 is provided by a reference input signal from an input source 300, such as a tachometer or other acous- 
tic sensor, which input signal is correlated to the external distuitances. In a further embodiment, model reference R can 
be calculated from or include a function of the controller parameters A^. Bi and/or the acoustic path P and/or the trans- 
ducers Ti , Tg. In a further embodiment, filters , N2. N3. N4 can be calculated from or include a function of the con- 
troller parameters Ai, Bi and/or the acoustic path P and/or the transducers T^. T2. 

[0036] It is recognized that various equivalents, alternatives and modifications are possible within the scope of the 
appended daims. 

Claims 



1 . An active acoustic system comprising : 

a model reference (22) having a selectably programmable response; 

an active model (24) comprising in combination an acoustic path (26) and an adaptive filter (28) such that the 
combination of said acoustic path (26) and said adaptive filter (28) adaptively models said model reference (22) 
such that the combined response of said acoustic path (26) and said adaptive filter (28) provides an active 
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model response matching the response of said model reference (22). 

2. The system according to claim 1 comprising: 

a f iret transducer (34) for introducing an acoustic wave to said acoustic path (26) ; 
a second transducer (36) for sensing the response of said acoustic path (26); 

a summer (38) summing the outputs of said mode! reference (22) and said active model (24) and providing the 
resultant sum as an error signal; 

said adaptive filter (28) having a filter input (46) from said second transducer (36). a filter output (48) to said 
first transducer (34), and an error input (50) from said summer (38). 

3. The system according to claim 2 comprising an auxiliary noise source (52) for introducing auxiliary noise to said 
active model (24). 

4. The system according to claim 3 wherein said acoustic path (26) is subject to external disturtjances. and said aux- 
iliary noise is random and uncorrelated to said external disturt>ances. 

5. The system according to claim 4 wherein said auxiliary random noise is filtered by a shaping bandpass filter (298) 
to provide a tightness of fit of said active model and said model reference as a function of frequency. 

6. The system according to claim 3 comprising a second summer (60) for summing the output of said adaptive filter 
(28) and said auxiliary noise from said auxiliary noise source (52). and for providing the resultant sum to said first 
transducer (34). 

7. The system according to claim 6 wherein the input (46) to said adaptive filter (28) is also provided as the output of 
said active model (24) to said first mentioned summer (38). 

8. The system according to claim 3 comprising a second adaptive filter (66) having a filter input (68) receiving said 
auxiliary noise, a copy (94) of said second adaptive filter in said first mentioned adaptive filter (28). a second sum- 
mer (70) summing the output of said second adaptive filter (66) and the output of said second transducer (36) and 
supplying the resultant sum as an enor input (80) to said second adaptive filter (66). 

9. The system according to claim 8 conprising: 

a third summer (60) summing auxiliary noise from said auxiliary noise source (52) and the output (48) or said 
first adaptive filter (28) and supplying the resultant sum to said first transducer; 

wherein said first adaptive filter (28) comprises first and second algorithm filters (30. 32) each having an error 
input from the output of said first mentioned summer (38); 

a fourth summer (86) summing the outputs of said first and second algorithm filters (30, 32) and supplying the 

resultant sum as an input to said third summer (60) for summing with said auxiliary noise; 

a first copy (94) of said second adaptive filter (66) having an input from said second transducer (36); 

a second copy (96) of said second adaptive filter (66) having an input from the output of said fourth summer 

(86); 

a first multiplier (102) multiplying the output of said first copy (94) with the output of said first summer (38) and 
supplying the resultant product as a weight update signal to said first algorithm filter (30): 
a second multiplier (108) multiplying the output of said second copy (96) with the output of said first summer 
(38) and supplying the resultant product as a weight update signal to said second algorithm filter (32). 

1 0. The system according to claim 2 conprising a second adaptive filter (66) having a filter input from an input to said 
active model, and a second surnmer (70) summing the output of said second adaptive fnter (66) and the output of 
said second transducer (36) and supplying the resultant sum as an error input to said second adaptive filter (66). 

11. The system according to claim 2 comprising a second filter (120, 140) modeling the quotient of said model refer- 
ence (22) and said active model (24) to improve matching thereof. 

1 2. The system according to claim 1 1 wherein said second filter (1 20) is adaptive and has a filter input from the output 
of said acoustic path, a filter output to said summer (38). and an error input from the output of said summer (38). 
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1 3. The system according to claim 1 1 wherein said second adaptive filter (1 40) has a filter input receiving input noise, 
a filter output to the input of said acoustic path, and an error input from the output of said summer (38). 

14. The system according to claim 13 comprising: 

a third adaptive filter (66) having a filter Input from the output of said second adaptive fitter (140); 
a second summer (70) summing the output of said third adaptive fitter (66) and the output of said second trans- 
ducer (36) and Supplying the resultant sum as an error Input to said third adaptive filter (66); 
a copy (150) of said third adaptive filter (66) having an input from the input to said second adaptive filter (140); 
a multiplier (154) multiplying the output of said copy (150) with the output of said first summer (38) and supply- 
ing the resultant product as a weight update signal to said second adaptive filter (1 40). 

15. The system according to claim 2 comprising a second filter (170. 190) modeling the quotient of said active model 
(24) and said model reference (22) to improve matching thereof. 

1 6. The system according to daim 1 5 wherein said second f iHer (1 70) is adaptive and has a filter input from the output 
of said model reference (22), a filter output to said summer (38), and an error input from the output of said summer 
(38). 

20 1 7. The system according to claim 1 5 wherein said second adaptive filter (190) has a filter input receiving input noise, 
a filter output to the input of said model reference (22). and an error input from the output of said summer (38). 

18. The system according to claim 17 conprising: 

25 a copy (198) of said model reference having an input from the input to said second adaptive filter (190); 

a multiplier (202) multiplying the output of said copy with the output of said first summer (38) and supplying the 
resultant product as a weight update signal to said second adaptive filter (1 90). 

19. The system according to claim 2 comprising a second filter (120, 140) modeling the quotient of said model refer- 
30 ence (22) and said active model (24), and a third filter (170, 190) modeling the quotient of said active model (24) 

and said model reference (22). to improve the matching of active rrradel response to the response of said model 
reference. 

20. The system according to claim 19 wherein: 

35 said second filter (1 20) is adaptive and has a filter input from the output of said acoustic path (26), a filter output to 
said summer (38). and an en-or input from ttie output of said summer (38); 

said tiiird filter (1 70) is adaptive and has a filter input from the output of said nxxJel reference (22), a filter output to 
said summer (38), and an error input from the output of said summer (38). 

40 21 . The system according to claim 1 9 wherein: 

said second filter (120) is adaptive and has a filter input from tiie output of said acoustic patii (26). a filter output to 
said summer (38), and an error input from tiie output of said summer (38); 

said tiiird filter (190) is adaptive and has a filter input receiving input noise, a filter output to the input of said model 
reference (22). and an error input from the output of said summer (38). 

45 

22. The system according to claim 19 wherein: 

said second filter (1 40) is adaptive and has a filter input receiving noise, a filter output to the input of said acoustic 
patii (26). and an error input from the output of said summer (38); 

said third filter (1 70) is adaptive and has a filter input from the output of said model reference (22). a filter output to 
50 said summer (38), and an en-or input from tiie output of said summer (38). 

23. The system according to claim 19 wherein: 

said second fitter (140) is adaptive and has a filter input receiving input noise, a fitter output to the input of said 
acoustic patfi (26). and an en-or input from tfie output of said summer (38); 
55 said third filter (190) is adaptive and has a filter input receiving input noise, a filter output to the input of said model 
reference (22). and an error input from the output of said summer (38). 

24. The system according to claim 1 connprising: 
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an output transducer (34) for introducing a canceling acoustic wave to attenuate an input acoustic wave and 
yield an attenuated oulput acoustic wave; 

an error transducer (36) for sensing said output acoustic wave: and . . ^ 

a first adaptive filter (222) for outputting a correction signal to said output transducer (34) to introduce the can- 
celing acoustic wave. 

25. The system according to claim 24 comprising a summer (38) summing the outputs of said model reference (22) and 
said active model (24) and providing the resultant sum as an error signal, and wherein said second adaptive filter 
(28) has a filter input from said error transducer (36). a filter output to said output transducer (34). and an error input 
from the output of said summer (38). 

26 The system according to claim 25 comprising a second summer (228) summing the outputs of said first and second 
* adaptive filters (222. 28) and supplying the resultant sum to said output transducer (34), and wherein said first 
adaptive filter has an error input from said first summer (38). 

27. The system according to claim 26 comprising: 

an auxiliary noise source (52) introducing auxiliary noise to said model reference (22) and to said active model 
(24): 

a third adaptive filter (66) having a filter input receiving said auxiliary noise; 

a third summer (70) summing the ou^ut of said third adaptive f iHer (66) and the output of said error transducer 
(36) and supplying the resultant sum as an en"or input to said third adaptive filter (66). 

28. The system according to claim 27 wherein said second adaptive filter (28) comprises first and second algorithm fil- 
ters (30, 32) each having an error input from the output of said first summer (38). and compnsing: 

a fourth summer (86) summing the outputs of said first and second algorithm filters (30. 32) and supplying the 
resultant sum as an input to said second summer (228); 

a first copy (94) of said third adaptive filter (66) having an input from said error transducer (36) ; 

a second copy (96) of said third adaptive filter (66) having an input from the output of said fourth summer (86) . 

a first multiplier (1 02) multiplying the output of said first copy (94) with the output of said first summer (38) and 

supplying the resultant product as a weight update signal to said first algorithm filter (30): 

a second multiplier (108) multiplying the output of sad second copy (96) with said ou^ut of said first summer 

(38) and supplying the resultant product as a weight update signal to said second algorithm filter (32). 

29. The system according to claim 28 comprising: 

a third copy (248) of said third adaptive filter (66) having an input from the input to said first adaptive fiKer (28); 
a third multiplier (250) multiplying the output of said third copy (248) with the output of said first summer (38) 
and supplying the resultant product as a weight update signal to said first adaptive filter (28). 

30. The system according to claim 27 comprising: 

a fourth copy (240) of said third adaptive filter (66) having an input from the output of said first adaptive filter 
(28): 

a fifth summer (238) summing the output of said fourth copy and the output of sad first summer (38) and sup- 
plying the resultant sum as an input to said first adaptive filter (28). 

31 . The system according to claim 28 wherein said first adaptive filter (222) comprises third and fourth algorithm filters 
(232. 234). and comprising: 

a fifth summer (238) summing the outputs of said third and fourth algorithm filters (232. 234); 

a sixth summer (226) summing said auxiliary noise and the output of said fifth summer (238) and supplying the 

resultant sum to said second summer (228): 

a third copy (240) of said third adaptive filter (66) having an input from the input to said third algorithm filter 
(232); 

a fourth copy (248) of said third adaptive filter (66) having an input from the output of said fifth summer (238): 
a third multiplier (244) multiplying the output of said third copy (240) with the output of said first summer (38) 
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33 The system according to claim 32 comprising: 

15 34 The system according to Claim 24 comprising: 

afirstsu..er(38)su.mingtheoutputsofsaid.ode,re,erence(22)andsa.^ 

the resultant sum as an error signal; 

an auxiliary noise source (52) providing auxiliary no.se: 

a second Jummer (226) summing saW -"-"^^ "^f/^^^^^^ and having a 

a third adaptive litter (140) modeling the quotent of said model reference ana saio aci 

resultant sum to said output transducer (34). 
35 The system according to claim 34 comprising: 

product as a weight update signal to said third adaptive filter. 
3S 36. Anactiveacousticcontr^methodcomprislngprovidlngamod^^^^^^ 

K^sStrs::^:^^^^ 

active model response matching the response of said model reference (22). 
40 37. The method according to claim 36 comprising: 

introducing an acoustic wave to said acoustic path (26) with a first transduc^ (34): 

transducer (34). and an error input from said summer (38). 

38.Themethodaccordingtod.m37whereinsaidacougcpa^^^^^^^^ 

ing introducing auxiliary noise to said actve '"odel (24) from =;j^^;^^J,^"°^J,^Sd%Uive filter (28) and 

ss:rzrnrtrestr^^^^^^ 

^el plr^rrnput <5sakJ adaptive filter (28) and to saklfirsl mentioned summer (38). 

33.Theme.«.accordingtoc,aim37^pnsj.r^^^^^^^^^ 

with a second filter (120). to improve matching of said model reterence t<sij driu 

40. Tr,e method according to claim 37 comprising modeling the quotient of sad active mod^ and said mod. reference 
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wrth a second fiHer (120). to improve matching oi said active model and s^d model reference. 

41.T.eme.odaccordingtodaim37com^isinga«^ 

ing a canceling acoustic wave from saKl '^J*^"^"^^^^^^^^ Save vlStW second transducer (36), outputting a 

rrsirai^^^adS^^^^^^^^^^ 



5 

wave. 



an error inpuTto each oi said first arxl secorKi adaptive filters (28. 222). 
PatentansprQche 
15 1 Aktives akustisches System mit 



20 



25 



30 



35 



40 



4. 
5. 



2. System nacli Anspruch 1 mit 

einemerstenWandler(34),dereineaKustischeWe«^^^ 

einem zweiten Wandler (36) zum Erfassen "^^^^^ if„^^^^^^^^^^^^ des aktiven Modells (24) auf- 
eine Summierstufe (38). die die Ausgangssigna le des Referenzmodeiis (z^) 

summiert und die resultierende Summe als Fe^l^^'^f'j'^^^^^^ ^^^^^ handler (36). einen Fllterausgang 
Chen. 

Wandler (34) ausgibt. 

system nach Anspruch 6. wobeiderEingangdesadap«venFi.ters(28)aucha.sAusgangdesa«ivenM0dells(^^^ 

an der erstgenannten Summierstufe (38) liegt. 

»*,aar, (68). Sne, Kope (94) « zw«»n '^'^^Z ^ZS^^tl^i'S) 

zufuhrt 

9. System nach Anspruch 8 mit 

s™*s« (60), di»d» H««. von d. 



45 7. 

8. 

50 



55 
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jedes einen Fehlereingang vom Ausgang der erstgenannten Summierstufe (38) erhait 

einer vierten Summierstufe (86), die die Ausgangssignale des ersten und des zweiten algorithmischen Filters 

(30, 32) aufsummiert und die resultierende Summe als Eingang der dritten Summierstufe (60) zum Aufsum- 

mieren mit dem Hilfsrauschen zufOhrt. uib„wi«r /qa^ 

einer eisten Kopie (94) des zweiten adaptiven Filters (66) mit einem Eingang von dem zwerten Vtoidler (36). 
einer zweiten Kopie (96) des zweiten adaptiven Filters (66) mit einem Eingang vom Ausgang der vierten Sum- 

^ne^^JteTi (102). diedas Ausgangssignal der ersten Kopie (94) mH demder ersten Summier- 

stufe (38) muHipliziert und das resultierende Produkt als Gewichts-Aktualisiersignal dem ersten algonthmi- 
schen Filter (30) zufuhrt, und ^ j * o 

einer zwerten Multiplizierstufe (108). die das Ausgangssignal der zweiten Kopie (96) mrt dem der ersteri Surn- 
mierstufe (38) multipliziert und das resultierende Produkt als Gewichts-Aktualisiersignal dem zweiten algortth- 
mischen Filter (32) zufuhrt. 

1 0 System nach Anspruch 2 mit einem zweiten adaptiven Rlter (66). das einen Filtereingang von einem Eingang des 
" akliven Modells aufweist. und einer zweiten Summierstufe (70). die die Ausgangssignale des zwerten adaptiven Fil- 
ters (66) und des zweiten Wandlers (36) aufsummiert und die resultierende Summe als Fehlereingang dem zwei- 
ten adaptiven Filter (66) zufOhrt. 

11. System nach Anspruch 2 mrt einem zwerten Filter (120. 140). das den Quotient aus dem Referenzmodell (22) und 
dem aktiven Modell (24) modelliert. um deren Anpassung zu verbessern. 

12 System nach Anspruch 1 1 . wobei das zweite Filter (120) adaptiv ist und einen RItereingang vom Ausgang des aku- 
" stischen Pfades. einen Filterausgang zu der Summierstufe (38) und einen Fehlereingang vom Ausgang der Sum- 
mierstufe (38) aufweist. 

13 System nach Anspruch 11 . wobei das zwerte adaptive Rlter (140) einen Eingangsrauschen aufnehmenden Filter- 
eingang. einen RIterausgang zum Eingang des akustischen Pfades und einen Fehlereingang vom Ausgang der 
Summierstufe (38) aufweist. 

14. System nach Anspruch 13 mit 

einem dritten adaptiven Filter (66) mit einem Filtereingang von Ausgang des zweiten adaptiven RIters (140. 
einer zweiten Summierstufe (70). die die Ausgangssignale des dritten adaptiven RIters (66) und des zwerten 
Wandlers (36) aufsummiert und die resultierende Summe als Fehlereingang dem dritten adaptiven Rlter (66) 

zufOhrt, ^ x -4 *• 

einer Kopie (150) des dritten adaptiven RIters (66) mit einem Eingang vom Eingang an das zweite adaptive 

Filter (140). und ^ . 

einer Multiplizierstufe (154). die das Ausgangssignal der Kopie (150) mii dem der ersten Summierstufe (38) 

multipliziert und das resultierende Produkt als Gewichte-Aktualisiersignal dem zweiten adaptiven Rlter (140) 

zufuhrt. 

15. System nach Anspruch 2 mit einem zweiten Rlter (170. 190), das den Quotient aus dem aktiven Modell (24) und 
dem Referenzmodell (22) modelliert. um deren Anpassung zu verbessern. 

16. System nach Anspruch 15. wobei das zwerte Rlter (170) adaptiv ist und einen RItereingang vorn Ausgang des 
Referenzmodells (22) einen Filterausgang zu der Summierstufe (38) und einen Fehlereingang vom Ausgang der 
Summierstufe (38) aufweist. 

17 System nach Anspruch 15, wobei das zwerte adaptive Rrter (190) einen Eingangsrauschen aufnehmenden Filter- 
eingang. einen RIterausgang zum Eingang des Referenzmodells (22) sowie einen Fehlereingang vom Ausgang 
der Summierstufe (38) aufweist. 

18. System nach Anspruch 17 mit 

einer Kopie (198) des Referenzmodells mrt einem Eingang vom Eingang an das zwerte adaptive Rlter (190), 
einer Multiplizierstufe (202). die das Ausgangssignal der Kopie mrt dem der ersten Summierstufe (38) murtipli- 
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ziert und das resuHierende Produkt als Gewichts-Aktualisiersignal dem zweiten adaptiven Rlter (190) zufQhrt. 

19. System nach Anspruch 2 mit einem zwerten Filter (120. 140), das den Quotient aus dem ""J 
dem aktlven ModeW (24) modelliert. und einem dritlen Filter (170. 190). das den Quotient aus dem akbven 
M,Ser24) und dem Reierenzmodell (22) modelliert. um die Anpassung des Ansprechverhaltens des akbven 

Modells an das des Referenzmodells zu verbessern. 

S:™'^ (C^^^ einen Filtereingang vom Ausgang des aKustischen "ades (26),^nen r.tter- 

aS^Tng zu der SumLrLe (38) und einen Fehlerelngang vom Ausgang der Summie^e (38) 
dSe Filter (1 70) adaptiv ist und einen Filtereingang vom Ausgang des Referenzmodells (22). einen F.lteraus- 
gang zu der Summierstufe (38) und einen Fehlereingang vom Ausgang der Summierstufe (38) aufweist. 

dtSFiltXTai'ap"^^^ einen FiHereingang vom Ausgangdes akustischen Plades (26). einen RHer- 
ausgang zu der Summierstufe (38) und einen Fehlereingang vom Ausgang der Summierstufe (3^) J;^^^^ 
das dritt'e Filter (190) adaptiv ist und einen Eingangsrauschen aufnehmenden '^f ^^^^Jr^raS 
zum Bngang des Referenzmodells (22) und einen Fehlereingang vom Ausgang der Summierstufe (38) aufweist. 

22 System nach Anspruch 1 9. wobei 
■ das zweite Filter (140) adaptiv ist und einen Rauschen aufnehmenden Filtereingang, einen Filterausgang zum Ein- 
oano des akustischen Pfades (26) und einen Fehlereingang vom Ausgang der Summierstufe (38) aufweist und 
das dritte Filter (170) adaptiv ist und einen Filtereingang vom Ausgang des Referenzmodells (22). einen Filteraus- 
gang zu der Summierstufe (38) und einen Fehlereingang vom Ausgang der Summierstufe (38) aufweist, 

23. System nach Anspruch 19, wobei c 

das zwerte Filter (140) adaptiv ist und einen Eingangsrauschen aufnehmenden Rltereingang. einen F^eraus^"9 
zum Eingang des akustischen Pfades (26) und einen Fehlereingang vom Ausgang der Summierstufe (38) aufweist, 

Sas dritte RHer (190) adaptiv ist und einen Eingangsrauschen aufnehmenden Filtereingang, ff'l^'^^^^ 
zum Eingang des Referenzmodells (22) und einen Fehlereingang vom Ausgang der Summierstufe (38) aufweist. 

24. System nach Anspruch 1 mit 

einen Ausgangswandler (34) zum Einfuhren einer lOschenden akustischen Welle zur Dampfung einer akusti- 
schen Eingangswelle und Ausgabe einer gedSmpften akustischen Ausgangswelle. 
einem Fehlenrandler (36) zum Erfassen der akustischen Ausgangswelle, und 

einem ersten adaptiven Filter (222) zur Ausgabe eines Korrektursignals an den Ausgangswandler (34) zur Ein- 
fuhrung der lOschenden akustischen Welle. 

25. System nach Anspruch 24 mit einer Summierstufe (38). die die Ausgangssignale des Referenzmodells (22)^jnd 
des aktiven Modells (24) aufsummiert und die resultierende Summe als Fehlersignal ausgibt, wobei das zweite 
adaptive Rlter (28) einen Rltereingang von dem Fehlewandler (36). einen Rlterausgang zu dem Ausgangswand- 
ler (34) und einen Fehlereingang vom Ausgang der Summierstufe (38) aufweist. 

26. System nach Anspmch 25 mit einer zweHen Summierstufe (228), die die Ausgangssignale des ersten und des 
zweiten adaptiven Filters (222. 28) aufsummiert und die resultierende Summe dem Ausgangswandler (34) zufuhrt. 
wobei das ersle adaptive Filter einen Fehlereingang von der ersten Summierstufe (38) aufweist. 

27. System nach Anspruch 26 mit 

einer Hilfs-Rauschquelle (52). die dem Referenzmodell (22) und dem aktiven Modell (24) Hilfsrauschen 

zufOhrt, J _, . J 

einem dritten adaptiven Filter (66) mit einem das Hilfsrauschen aufnehmenden Rltereingang. und 

einer dritten Summierstufe (70), die die Ausgangssignale des dritten adaptiven RIters (66) und des Fehler- 

wandlers (36) aufsummiert und die resultierende Summe als Fehlereingang dem dritten adaptiven Filter (65) 

zufOhrt. 
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28. System nach Anspruch 27. wobei das zweite adaptive RIter (28) ein erstes und ein zwertes algorithmisches Filter 
(30, 32) umfaBt, deren jedes einen Fehlereingang vom Ausgang der ersten Summierstufe (38) aufweist, mrt 

einer vierten Summierstufe (86), die die Ausgangsslgnale des ersten und des zwerten algonthmischen Filters 
(30 32) aufsummiert und die resultierende Summe als Eingang der zweiten Summierstufe (228) zutQhrt 
einer ersten Kopie (94) des dritten adaptiven Rtters (66) mit einem Eingang von dem FehlenArandler (36) 
einer zweiten Kopie (36) des dritten adaptiven Filters (66) mit einem Eingang vom Ausgang der vierten Sum- 

Sner^SretSultiplizierstufe (1 02), die das Ausgangssignal der ersten Kopie (94) mit dem der ersten Summier- 
stufe (38) multipliziert und das resultierende Produkt als Gewichts-Aktualisiersignal dem ersten algonthmi- 
schen RIter (30) zufOhrt. und . . ^ ^ * o 
einer zweiten Multiplizierstufe (108). die das Ausgangssignal der zweiten Kopie (96) mrl dem der ersten Sum- 
mierstufe (38) multipliziert und das resultierende Produkt als Gewichts-Aktualisiersignal dem zweiten algonth- 
mischen Filter (32) zufuhrt. 

29. System nach Anspruch 28 mit 

einer dritten Kopie (248) des dritten adaptiven Filters (66) mit einem Eingang vom Eingang an das erste adap- 
tive RIter (28), und . . . ^ ^ o 
einer dritten Multiplizierstufe (250). die das Ausgangssignal der dritten Kopie (248) mit dem der ersten Sum- 
mierstufe (38) multipliziert und das resultierende Produkt als Gewichts-Aktualisiersignal dem ersten adaptiven 
RIter (28) zufuhrt. 

3D. System nach Anspruch 27 mit 

einer vierten Kopie (240) des dritten adaptiven RIters (66) mit einem Eingang vom Ausgang des ersten adap- 
tiven RIters (28), und o * * 
einer funften Summierstufe (238). die die Ausgangssignale der vierten Kopie und der ersten Summierstufe 
(38) aufsummiert und die resultierende Summe als Eingang dem ersten adaptiven Filter (28) zufuhrt. 

30 

31. System nach Anspruch 28. wobei das erste adaptive Fitter (222) ein drittes und ein viertes algorithmisches Rtter 
(232, 234) aufweist. mit 

einer funften Summierstufe (238), die die Ausgangssignale des dritten und vierten algorithmischen RIters 
35 (232, 234) aufsummiert, 

einer funften Summierstufe (226), die das Hiifsrauschen und das Ausgangssignal der fOnften Summierstufe 
(238) aufsummiert und die resultierende Summe der zweiten Summierstufe (228) zufuhrt. 
einer drrtten Kopie (240) des dritten adaptiven Fitters (66) mit einem Eingang vom Eingang an das dritte algo- 
rithmische Rtter (232). 

40 einer vierten Kopie (248) des dritten adaptiven Rtters (66) mit einem Eingang vom Ausgang der funften Sum- 

mierstufe (238), J c 

einer dritten Multiplizierstufe (244). die das Ausgangssignal der dritten Kopie (240) mit dem der ersten bum- 
mierstufe (38) multipliziert und das resultierende Produkt als Gewichts-Aktualisiersignal dem dntten algonth- 
mischen Filter (232) zufuhrt, und ^ o 

45 einer vierten Multiplizierstufe (250). die das Ausgangssignal der vierten Kopie (248) mit dem der ersten Sum- 

mierstufe (38) multipliziert und das resultierende Produkt als Gewichts-Aktualisiersignal dem vierten algonth- 
mischen Filter (234) zufuhrt. 

32. System nach Anspruch 31 mit einem vierten adaptiven Fitter (1 40), das den Quotient aus dem Referenzmodell (22) 
50 und dem adaptiven Modell (24) modelliert und einen RItereingang vom Ai^gang der sechsten Summierstufe (226), 

einen Rlterausgang zu der zweiten Summierstufe (228) und einen Fehlereingang vom Ausgang der ersten Sum- 
mierstufe (38) aufweist 

33. System nach Anspruch 32 mit 

55 

einer funften Kopie (150) des dritten adaptiven Rtters (66) mit einem Eingang vom Ausgang der sechsten 
Summierstufe (226) und 

einer funften Multiplizierstufe (154). die das Ausgangssignal der funften Kopie mrt dem der ersten Summier- 
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ter (140) zufuhrt. 

(222) aufeumn^ert, ^em Referenrmodell unddem aktiven Modell 

einem dritten adaptiven Filter „ Summierstule aufweist, und 

S^a^l^SeZ'^^rS^^^^^^ 
35 System nachAnspruch 34 mrt 



5 



to 



25 



dasresuttierenderroQUMdi^v^^" 



30 



des aktiven Modells ergibt 
37. Verfahren nach Anspruch 36. wobei 



35 die Ausgangssignale des R^terenzmodeHs (2 J und ^ ^^^^ 

45 stule (38) ziigefuhrt wird. 
zu verbessern. 



bessern. rsten 
Wandler (34) eine lOschende akushsche ^elle eing*racm wira^ Ausgangswelle mit dem zwerten Wandler 
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' Einbringen der lOschenden akustischen Welle aiagegeben wird. 

ter (28, 222) zugefQhrt wird. 
Revendications 

1 Systems acouslique actif comprenant : 

iohL rif^rpnce de module (22) de sorte que la r6ponse combin§e dudit Irajet acoustque (26) et auaii m e 
(22). 

2. Systlme seion la revendicatlon 1 comprenarrt : 

un premier transducteur (34) destlr,6 ^ introduire une orxle acoustique dans ledit irajet acoustique (26) ; 

SrmSS^^ea Vernier wnsdua^r (34) st™»«««W"(M)l»^ 
». S,sts™ a -eveni«aio" 2 corore™™ ""e 8««, a. I>u« »»iW.e (K) alt. J wr«)u^^^ 

dans ledit module actif (24). 
4. Systemeselonlare.erKlication3danslequel.edittraje.acousttque(26)ests^^^^^^ 

et ledit bruit auxiliaire est al6atoire et non-corr616 relativement auxdrtes perturbations ext6r,eures. 



Svst^me selon la revendicatlon 4 dans lequel ledit bruit al6atoire auxiliare est filtr6 par un f iltre "'^''^eun^sse- 
Lnde (298) i permettre une precision d'adaptaton dudrt module actH et de lad-te r6f 6rence de module en 
fonctionde Ia1r6quence. 

SvstSme selon la revendication 3 comprenant un second sommateur (60) destin6 k sommer la sortie dudit filtre 
(2Tet I^TbruH auxiliaire provenant de ladite source de bruit auxiliaire (52) et k apphquer la somme 



rfeultante audit premier transducteur (34). 



7. 



8. 



Systfeme selon la revendication 6 dans lequel I'entr^e (46) dudit tiltre adaptatif (28) est 6galement appliquSe sous 
la torme de la sortie dudit module actif (24) audit premier sommateur mentonn6 (38). 

Svst6me selon la revendication 3 comprenant un second f atre adaptatil (66) ayant une entr6e de f irtre (68) reca/ant 
flSt auSatrune cS.ie (94) dudit second tiltre adaptatif dans ledit premier filtre adaptatrf (28) ment,onn6. un 

rurte^rlseT^ipliuam la somme rfeuHame sous le 



(66). 

9. Systfeme selon la revendicatlon 8 comprenant : 



un trolsifeme sommateur (60) destin6 a sommer le brurt auxiliaire provenant de ladite source de bruit auxiliaire 
(52) laToTe^) dudl premier filtre adaptatif (28) et i appliquer la somme rfeuKante audit premier trans- 

3aSuel ledit premier f irtre adaptatH (28) comprend les premier et second f iKres d'algorrthme (30, 32) ayant 

chacun une entr6e d'erreur provenant de la sortie dudit premier sommateur -^^ntonn^ (38) : 

un quatrifeme sommateur (86) sommant les sorties desdits premier et second filtres d algorithme (30, 32) et 
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appliquant la somme rteultante sous la forme d'une entr6e dudit trolsifeme sommateur (60) pour sommation 

avec ledit bruit auxiliaire ; j. -i . ^ - 

une premiere copie (94) dudrt second filtre adaptatit (66) ayant une entr6e provenant dudit second transduc- 

Iine s^oiide copie (96) dudit second liltre adaptatit (66) ayant une entr6e provenant de la sortie dudit qua- 

^e^^ SiSiur (102) muftpliant la sortie de la dite premiere cx,pie (94) par la sortie Judit premier 
^rS^urSil^tSpl-^uamlUodu^ 

reSirnSSur (S mu.pliant la sortie de la dHe seconde copie (96) par la sortie dudH premjr 
^^X™8) et apf^k,uart le produrt rfeuttart sous la fom^e d un Signal d'act^ 

second filtre d'algorithme (32). 

10 Svstdme selon la revendication 2 comprenant un second filtre adaptatif (66) ayant une entr6e de filtre prwenant 
dSSr? de irniod^le actif et un second sommateur (70) sommant la sortie dudH second ^^l^f j^^ 
et la sortie dudrt second transducteur (36) et appliquant la somme rfeuHante sous la forme d une entr6e d erreur 
audit second filtre adaptatif (66). 

1 1 Syst^me selon la revendication 2 comprenant un second filtre (120. 140) destin6 4 mod6liser le quotient de ladite 
■ r6f6rence de module (22) et dudU module actif (24) afin d'en am6liorer la correspondance. 

12 Svst6me selon la revendication 11 danslequelleditsecondfiltre(120)estadapta«f etauneentr6edefiltreprove- 
Sm de la slSSr^S a«>us«q^ 

nant de la sortie dudit sommateur (38). 

13 Svst^me selon la revendication 1 1 dans lequel ledit second filtre adaptatif (140) a une entr6e de filtre recevantle 
S emrrune i,rSe de filtre vers I'entr6e dudit trajet acoustique et une entree d erreur provenant de la sort.e 
dudit sommateur (38). 

1 4. Syst^me selon la ra/endication 1 3 comprenant : 

un troisi^me filtre adaptatif (66) ayant une entr6e de filtre provenant de la sortie dudit second filtre adaptatif 

un °sei»nd sommateur (70) destin6 ^. sommer la sortie dudit troisi^e filtre adaptatif (66) et la sortie dudit 
second transducteur (36) et k appliquer la somme r6sultante sous la forme d'une entr6e d erreur dudit troi- 

ui?e"S"£H^iS^oisi6^^ f i«re adaptatif (66) ayant une entree provenant de I'entr^e dudrt second filtre 

jJSiiiiSur (154) muWpliant la sortie de ladite copie (150) par la sortie '^^^f^'^'^^.^^'^Zlfi^ 
appliquant le produit r6sultant sous la forme d'un signal d'actualisation de pond6ration audit second filtre adap- 



tatif (140). 



15 Syst6me selon la revendication 2 comprenant un second filtre (170, 190) mod6lisant le quotient dudit module actif 
(24) et de ladrte r6f 6rence de module (22) afin d'en am61iorer la correspondance. 

16. Syst6me selon la revendication 15 dans lequel ledit second filtre (170) est adaptatif et a une entree de 'ilfre prove- 
nant de la sortie de ladite r6f6rence de module (22), une sortie de filtre vers ledrt sommateur (38) et une entr6e 
d'erreur provenant de la sortie dudit sommateur (38). 

17 Systfeme selon la revendication 15 dans lequel ledit second filtre adaptatif (190) a une entr6e de fittre recevartt un 
bruit d'entr6e, une sortie de f iltre vers I'entr^e de ladite r6f6rence de module (22) et une entr6e d erreur provenant 
de la sortie dudit sommateur (38). 

18. Syst6me selon la revendication 17 comprenant : 

une copie (198) de ladite reference de module ayant une entr6e provenant de l entrSe dudit second filtre adap- 

un mXlicateur (202) muftipliant la sortie de ladite copie par la sortie dudit premier sommateur (38) et appli- 
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(190). 

la r6ponse de ladite r«6rence de module. 

20. Systeme selon la rwendlcation 19 dans ^"^^^'^..^^^^^de la sortie dudittrajet acoustique (26). une 

(38). 

21. Systeme selon la re^endication ^^.^^"slequel : ^^yj,i,jrai^ une 

22. Systfeme selon la ra/endlcation 19 dans recevantdu bruit, une sortie de filtre vers I'enlr6e dudit 
lJ^ltsecondfiltre(140)estadaptaMeauneerW6^^^^ 

traiet acoustk,ue (26) et une entree d eaeur pr^e^^^^^^ 

sr^rt^rr-s^^^^^^^^ 

(38). 

23. Systems selon la re/endication 19 dans "eque' • ^ ^ruit d'entr6e. une sortie de filtre vers 
24 Systfeme selon la rarendication 1 comprenant : 

afin tfintroduire I'onde acoustique de suppression. 

(38). 

27 Systfeme selon la ra/endication 26 camprenant : 

tedit module actif (24) ; , ^ ^ ho fiitrp recevant ledit bruit auxiliaire ; 
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teurd'erreur(36)etappliquantla6ommerteultantesouslaformed'uneentr6ed'erreur^^^ 
tre adaptatif (66). 

28 Svsteme selon la revendication 27 dans lequel ledit second filtre adaptatif (28) comprend un premier et un second 
STalgSmeTsraaTayant chacunTne entree d'erreur provenant de la sortie dudit prem-er sommateur (38) 

et comprenant : 

un quatn^me sommateur (86) destin6 ^ sommer les sorties de^lte prenjer et ^^"^^^f^f^^""^ 
32) et applquant la somme rfeultante sous la forme dune entr6e vers ledrt second ^"^'^'^^l'^^ 
une prerSSe copie (94) dudit troisi^me filtre adaptatif (66) ayant une entr6e provenant dudrt transducteur 

ScS copie (96) dudit troisifeme filtre adaptatif (66) ayant une entr6e provenant de la sortie dudit qua- 

St^ermXlSr (102) multipliant la sortie de ladite premiere copie (94) par la sortie dudit prentier 
L^i^ur r38) et Spliquant li produit r6sute^ 

Tec'SITL'iS" S multipliant la sortie de ladHe s«.nde copie (96) par ladrte sorte dudit premier 
sor^mateurTsS) et appliquantie produrt resultant sous la fomie d'un sign^ d'actualisation de pond6rat.on audrt 
second filtre d'algorithme (32). 

29. Syst6me selon la revendication 28 comprenant : 

une troisi^me copie (248) dudit troisi^me filtre adaptatif (66) ayant une entr6e provenant de PentrSe dudit pre- 

uriSrSSlSteur (250) multipliant la sortie de ladrte troisi^me cx)pie (248) par la sortie dudrt premier 

™ler(38;eSiquantleprodu?r6sultamsouste^ 

premier filtre adaptatif (28). 

30. Systdme selon la revendication 27 comprenant : 

une quatri^me copie (240) dudit troisifeme filtre adaptatif (66) ayant une entr6e provenant de la sortie dudit pre- 

S'^e'S— (238) destine ^ sommer la sortie de ladite quatri^me copie et la sortie dudit prerrter 
sommateur (38) et^appliquer la somme r6sutentesous la formed-uneentr6eversled.tprem,erf.ltreadap 

(28). 

31 . Systfeme selon la revendication 28 dans lequel ledit premier filtre adaptatif (222) comprend des troisi6me et qua- 
tri^me f litres d'algoritfime (232. 234) et comprenant : 

un cinqui^me sommateur (238) destin6 k sommer la sortie desdits troisifeme et quatri^me filtres d'algorithme 

ifnsixSme' sommateur (226) destin6 k sommer ledit bruit auxiliaire et la sortie dudrt cinqui6me sommateur 
(238) et a appliqueria somme r6sultante audrt second sommateur (228); 

une troisiJe copie (240) dudrt troisi^me filtre adaptatif (66) ayant une entr6e provenant de I entr6e vers ledit 
troisiime filtre d'algorrthme (232) ; ,„ H,.H,»«n 

une quatri6me copie (248) dudrt troisiSme filtre adaptatif (66) ayant une entr6e provenant de la sortie dudrt cin- 

JntroitS^'II^rpliSfir (244) multipliant la sortie de ladrte troisi^me copie (240) par '^ fortie dudit prerrter 
sommateur (38) et appliquant le produrt rfeultant sous la forme d un signal d'actualisation de pond6ration audrt 
ti'0isi6mefilti'ed'algorrthme(232) ; ■ j 

un quatri6me muttiplicateur (250) multipliant la sortie de ladrte quatrifeme copie (248) par la sortie dudrt premie 
sommateur (38) et appliquant le produrt rfeultant sous la fomie d'un signal d'actualisation de pond6ration audrt 
quati-ifeme filti-e dalgorrtfime (234). 

32. Systfeme selon la revendication 31 comprenant un quatrifeme firtre adaptatif (140) mod6lisarit le q"oti«"< f « 'fj^ 
S^rencede module (22) et dudrt mod6leactif (24) et ayant une emr^edefiltreprovenamde la sortie dudrt s^^^^^^^ 

sommateur (226). une sortie de filtre vers ledrt second sommateur (228) et une entr6e d'erreur provenant de la 

sorte dudrt premier sommateur (38). 
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33. Syst6me seion fa revendication 32 comprenant : 

une cinquifeme copte (150) dudil troisi6me f litre adaptatif (66) ayant une entree provenant de la sortie dudit 
sixi^me sommateur (226) ; 

5 un cinqui6me multiplicateur (1 54) multipliant la sortie de ladlte cinqui^me copie par la sortie dudit premier som- 

mateur (38) et appllquant le produit r6sultant sous la forme d*un signal d'actualisation de pond6ration audit 
quatri6me filtre d*algorithme (140). 

34. Syst6me selon la revendication 24 comprenant : 

10 

un premier sommateur (38) sommant les sorties de la dite r6f6rence de module (22) et dudit module actif (24) 
et produisant la somme r6sultante sous la forme d'un signal d'erreur ; 
une source de bruit auxiliaire (52) produisant un bruit auxiliaire ; 

un second sommateur (226) sommant ledit bruit auxiliaire et la sortie dudit premier filtre adaptatif (222) ; 
15 un trolsl6me filtre adaptatif (140) mod6lisant le quotient de ladite r6f6rence de module et dudit module actrt et 

ayant une entr6e de filtre provenant de la sortie dudit second sommateur ; 

un troisi^me sommateur (228) sommant les sorties desdits second et troisifeme f litres adaptatif s (28, 140) et 
appliquant la somme r6sultante audit transducteur de sortie (34). 

20 35. Syst6me selon la revendication 34 comprenant : 

un quatri^me filtre adaptatif ayant une entr6e de filtre provenant de la sortie dudit troisi^me filtre adaptatif ; 
un quatri6me sommateur sommant la sortie dudit quatri6me filtre adaptatif et la sortie dudit transducteur 
d'erreur (36) et appliquant la somme r^sultante sous la forme d'une entr6e d'erreur vers ledit quatrifeme filtre 
25 adaptatif ; 

une copie dudit quatri§me filtre adaptatif ayant une entr6e de filtre provenant de la sortie dudit second somma- 
teur ; 

un multiplicateur multipliant la sortie de ladite copie par la sortie dudrt premier sommateur et appliquant ie pro- 
duit resultant sous la forme d'un signal d'actualisation de pond6ration audit troisi^me filtre adaptatif. 

30 

36. Proc6d6 de contr6le acoustique actif comprenant la mise en oeuvre d'une r6f6rence de module (22) ayant une 
r6ponse s6lectivement programmable et mod6lisant activement ladite r6f6rence de module par la combinaison 
d'un trajet acoustique (26) et d'un filtre adaptatif (28) de telle sorte que la r^ponse combin6e dudit trajet acoustique 
(26) et dudit filtre adaptatif (28) permette une r6ponse de module actif correspondant t la r6ponse de ladite r6f6- 

35 rence de module (22). 

37. Proc6d6 selon la revendication 36 comprenant : 

introduction d'une onde acoustique dans ledit trajet acoustique (26) k I'aide d'un premier transducteur (34) ; 
40 la d6tection de la r6ponse dudit trajet acoustique (26) k I'aide d'un second transducteur (36) ; 

la sommation des sorties de ladite r6f6rence de module (22) et dudit module actif (24) grftce k un sommateur 
(38) et produisant la somme r6suttante sous la forme d'un signal d'erreur ; 

I'implantation sur ledit filtre adaptatif (28) d'une entr6e de filtre provenant dudit second transducteur (36), d'une 
sortie de filtre vers ledit premier transducteur (34) et d'un emr6e d'erreur provenant dudit sommateur (38). 

45 

38. Proc6d6 selon la revendication 37 dans lequel ledit trajet acoustique (26) est soumis ^ des perturbations ext6rieu- 
res et comprenant I'introduction d'un bruit auxiliaire dans ledit module actif (24) k partir d'une source de bruit auxi- 
liaire (52), ledit bruit auxiliaire 6tant al6atoire et non corr6l6 relativement aux dites perturbations ext6rieures. 
sommant la sortie dudit filtre adaptatif (28) et dudit bruit auxiliaire et appliquant la somme r6sultante audit premier 

so transducteur (34), appliquant la sortie dudit modfele actif (24) k I'entr6e dudit filtre adaptatif (28) et audit premier 
sommateur mentionn6. 

39. Proc6d6 selon la revendication 37 comprenant la nxxJ6lisation du quotient de ladite r6f6rence de module et dudit 
module actif avec un second filtre (120) afin d*am6!iorer la correspondance de ladite r6f6rence de mod^e (22) et 

55 dudit module actif (24). 

40. Proc6d6 selon la revendication 37 comprenant la mod6lisation du quotient dudit module actif et de ladite r6f6rence 
de module avec un second fiitre (120) afin d'am6liorer la correspondance dudit module actif et de ladite r6f6rence 
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de module. 



10 



41. Proc6d6 selon la revendication 37 comprenant en outre l'att6nuation d'une onde acoustique d'entr6e 

I'introduction d'une onde acoustk^ue de suppression provenant dudit premier transducteur (34) afm daW 
ladite onde acoustique d'entr6e et de produire une onde acoustique de sortie ati6nu6e. la d6tection de ladite onde 
acoustique de sortie avec ledit second transducteur (36). la production d'un signal de correction provenant d un 
second filtre adaptatif (222) vers ledit premier transducteur (34) afin d'introduire I'onde acoustique de suppression. 

42 Proc6d6 selon la revendication 41 comprenant la sommation des sorties desdits premier et second filtres adapta- 
" tifs (28 222) et rapplication de la somme r6sultante audit premier transducteur (24). produisant ladite sortie dudit 
premier sommateur (38) sous la forme d'une entr6e d'erreur vers chacun desdits premier et second f litres adapta- 
tifs (28. 222). 
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FIG.2 
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FIG.5 
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FIG.6 
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FIG. 7 
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FIG. 13 
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